The concept of human capital plays a major role in modern treatments of growth theory and of labor economics. In one sense, the distinction between the two is in levels of aggregation. At the macroeconomic level the social stock of human capital and its growth are central to the process of economic growth; at the micro level differences in human capital stock and in their growth can explain much of the observed variation in the wage structure and in the wage distribution among individuals and groups. Although pursued independently these applications view human capital and its growth as a cause of economic growth: of the economy as a whole in the theory of growth, and of individuals in labor economics.
Human capital is implicated in the process of growth not merely as a cause but also as an effect of economic growth or of developments generated by economic growth. The reciprocal relation between economic growth and the growth of human capital is likely to be an important key to sustained economic growth. In what follows I sketch the economic analysis which relates these trends to economic growth, and points to the growth of human capital as their consequence.
It is my purpose, in this paper
(1) Direct effect of income growth on educational trends Education is an asset that generates not only earnings, but also a stream of non-market utilities involving learning and culture. As such, it may be viewed as a consumption good which, therefore, is directly related to income. The positive income effects apply also to the acquisition of education as an investment good, to the extent that imperfect capital markets necessitate a degree of self financing of education. The positive effect of parental income on school enrollment of their children is documented in many micro-economic studies. Intercountry comparisons (Table 3) While Malthus was right in concluding that economic growth due to increases in productivity would support a larger population, his prediction that population growth would ultimately eliminate the income gains from productivity growth was incorrect. The error is due to his basically biological theory that fertility is limited mainly by fecundity and that therefore mortality is the ultimate factor which adjusts numbers of people to available resources.
Modern economists discard the Malthusian notion of the predominance of biologically conditioned fertility, and substitute for it a demand function for children 3 which focuses both on their numbers and "quality", or their human capital. This leads to a better understanding of the actual dynamics of the demographic transition which was triggered by the Industrial Revolution in the West some two centuries ago and in the less developed world in the current century. A necessary condition for a reduction in mortality to produce a reduction in fertility is a price-inelastic demand for children(T.P. Schultz,1981) . Define the cost of producing a c surviving child, n s --J-T . Here p(s) is the probability of survival to adulthood, while c is the cost of raising a child, conditional on survival. A reduction in mortality increases p(s), which reduces 71 s and so increases the demand for surviving children. If b is the birthrate, the number of surviving children per family is n = b.p(s). In addition to costs due to urban living, the growth of real wages in industry and services, the opportunity cost of time in raising children is another factor which leads to declines in population growth 8 and the ultimate completion of the demographic transition, all the while providing further incentives for investment in human capital; as the numbers of children decline and income per child grows.
(4) Growth of the female labor force is a feature of 20th century societies experiencing economic growth 9 . The basic analysis of this phenomenon recognizes the productive nonmarket activities of consumers which are combined with purchased market goods and services to create final objects of utility or "commodities" in Becker's terminology. These activities use time, and growth of real wages raises the opportunity cost of non-market time. Consequently inputs of non-market time-time spent in household production-are reduced in favor of substitute market inputs bought with increased market earnings. The transfer of time from
household production to market earnings shows up in growing labor force participation of women whose household activities are curtailed in favor of earning activities. Another effect of the growing cost of time is the reduction of household demands for time -intensive 7 This was first pointed out by O'Hara(1972) . 8 This description of the demographic transition as a non-linear effect of economic growth on population growth casts doubt on attempts to analyze economic growth as an effect of population growth: The same rate of population growth corresponds to low and high levels of income, depending on the stage of the demographic transition. 9 The first analysis by Mincer(1962) used a price theoretic approach and was applied to the U.S. experience. Becker(1965) contributed a theoretical framework which utilizes the concept of the "household production function". Goldin's book (1990) covers the U.S. history in great detail. 7
"commodities" such as child raising which accelerates the downward trend in fertility. Both consequences require an initially sharp division of labor between the sexes in market and household activities which is clearly much greater at the outset of economic growth ( or in less advanced economies) when wages are low and fertility is high, taking up much of the adult life of mothers. As a result, work of married women outside the household is infrequent at that stage.
Two qualifications to this analysis involve income effects Thanks to the availability of rich microdata sets and some indexes of technological change at the sectoral level, it has become possible to test the hypothesis that the pace of technology affects the demand for human capital, using U.S. data covering the past two or three decades. Changes in technology are difficult to measure, so the tests are largely indirect.
They use contributing factors such as R & D intensity, or consequences such as growth of productivity as demand shifters.
Using a variety of microdata sets, Lillard and Tan(1986) as well as Bartel and Sicherman(1995) found a greater incidence of training in industries whose productivity growth was fastest. Bartel and Lichtenberg(1987) report that, based on census data, relatively more educated workers were employed in those manufacturing industries ( in 1960, 1970, and 1980) where capital equipment was newer and research and development (R&D) expenditures were more intensive. Extending the census data to all broadly defined industries (18 sectors) , Gill (1989) observed greater utilization of educated workers and steeper wage profiles in sectors with more rapid decade-long productivity growth.
I tested the hypothesis that recent technological change is biased toward human capital Consistent with the skill bias hypothesis, the PSID data show that a more rapid pace of technological change in a sector ( indexed by PG) generates a greater demand for education and training of the sectoral workforce; as evidenced by:
1. The share of educated workers and the use of training is greater in the sector.
2. Educational wage differentials(in percent terms) are larger within sectors with rapid productivity growth.
14 The Jorgenson-Fraumeni indexes contain measures of quantity and of "quality" of labor inputs. The latter are based on education, age, and sex of the workforce. The productivity growth residuals are, therefore, largely purged of human capital components. This insures that there is no spurious correlation in the empirical relations between productivity growth and human capital. 12 Table 4 .
According to human capital theory, investments in education (school enrollments and participation in training) respond positively to prospective rates of return as well as to parental education and income, and respond negatively to tuition costs. In Table 5 and steepened the ratio of wages of older to younger workers given imperfect substitution between inexperienced and experienced workers. In Table 6 , both the proportion of young workers in changing cohorts and the schooling wage premium are positive and significant in affecting the profile's slope.
In addition, information from 1983 and 1991 BLS surveys shows that the incidence of training increased in the 80's when the profitability of education grew strongly 18 .
Prospects and Questions
The increasing human capital investments in the 80's can be expected to produce higher stocks of human capital in the 90's and beyond, which in turn could reverse the growth 18 See Table 11 
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All endogenous and exogenous variables are for males only. Two sets (one each for the two different columns above , corresponding to high school and college) of each of the endogenous and exogenous variables are used. r, -College Wage Premium . DR -ratio of numbers of workers of 1-10 yrs experience to all workers with 1-40 years of experience . u -unemployment rates for recent high school grads . r k at experience = 10 years, where r is the rate of return on post -school investments and k is the time -equivalent fraction of earnings spent acquiring those investments n .s. = not significant SOURCE : Table 10 in Mincer (1994) . The following papers are published in the 1994-95 Columbia University Discussion Paper series which runs from early November to October 31 (Academic Year). Domestic orders for discussion papers are available for purchase at $8.00 (US) each and $140.00 (US) for the series. Foreign orders cost $10.00 (US) for individual paper and $185.00 for the series. To order discussion papers, please send your check or money order payable to Department of Economics, Columbia University to the above address. Be sure to include the series number for the paper when you place an order. 
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